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Verification techniques as used traditionally focus on the functional behaviour of a sys-
tem. This means that a system designer can detect an error in the system, claim that the
system is deadlock free, or can say that eventually the system leaves the critical section,
terminates or that the message is delivered. But in real-life systems not only functionality
but also quantitative aspects of system behaviour are important. These quantitative aspects
could be inherent to the algorithm, to the environment where the system is located, or part
of the specification requirements.
In recent years, we have seen much progress in the specification, modeling and analysis
of probabilistic behaviour.
On the one hand, the so-called randomized algorithms, that is, algorithms that take deci-
sions by tossing a coin rather than only based on collected information, give more efficient
solutions than traditional (non-)deterministic ones, or even give solutions which are impos-
sible within the non-deterministic world. For example, Aspnes and Herlihy’s randomized
consensus protocol proposes a polynomial solution to an otherwise exponential problem,
and the leader election protocol within the IEEE 1394 ‘Firewire’ solves the problem of
electing a leader among several symmetric nodes without (unique) identification which
has no solution otherwise.
On the other hand, correctness properties for a given system can only be expressed in a
quantified manner. For example, a usual correctness property for a protocol is “every mes-
sage sent by the sender client is eventually received by the receiver client”. Nevertheless,
a bounded retransmission protocol would never satisfy this property since, after a bounded
number of attempts, transmission is aborted. However, by including the loss probability
of the transmission medium in the system model, a quantified correctness property could
instead be required. For instance “every message sent by the sender client is eventually
received by the receiver client with probability greater than 0.99”.
On the line of this second case, we can consider properties that refer to the performabil-
ity (i.e. performance + dependability) of the system under study. Examples of these kind
of properties are the throughput of job processing system or the average time a production
plant is up and running.
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In fact, at the beginning of the ’90s, Ulrich Herzog pointed out the problematics on the
separation of the functionality analysis and the performability analysis along the system
development process. These two kinds of analysis were usually done at very different
moments in the design stage, by two disjoint working groups, and using different and
unrelated techniques and methods.
From that point onwards, the interweaving of formal methods and performance and
dependability analysis was strongly put forward, pushing together the verification of prob-
abilistic systems.
In this special issue we have selected five articles that show the state of the art in the
design and analysis of systems that exhibit probabilistic behaviour.
Joe Hurd’s article studies the correctness of a randomized algorithm, more precisely,
the Miller–Rabin probabilistic primality test, and shows that whenever it recognises
a number as prime, it is indeed so, and if it is not, the probability of rejection is larger
than a given bound. Verification is carried out with the assistance of the HOL theorem
prover. The exercise may serve as an example for the analysis of similar algorithms. Holger
Hermanns, Marta Kwiatkowska, Gethin Norman, David Parker, and Markus Siegle made a
state-of-the-art survey on the use of the MTBDD data structure for performability analysis
and verification of systems that exhibit stochastic, probabilistic and non-deterministic be-
haviour. They also report on their experience in using MTBDDs in different probabilistic
models and tools. Peter Buchholz, Joost-Pieter Katoen, Peter Kemper, and Carsten Tepper
focus instead in a single model: continuous-time Markov Chain (CTMC). They present
model-checking algorithms on a Kronecker representation of CTMCs and show the per-
formance of this data structure on several experiments. It is worth to mention that they use
continuous stochastic logic (CSL) to express the property to check. This same logic is the
main interest in Josée Desharnais and Prakash Panangaden’s article. It is known that CSL
is preserved by (probabilistic) bisimulation––i.e. two bisimilar CTMCs satisfy exactly the
same set of CSL formulas. This article shows that CSL also characterises bisimulation,
that is if two CTMCs satisfy the same set of CSL formulas, they are bisimilar. In fact, they
prove that a subset of CSL is sufficient. Finally, Manuel Nuñez’s article presents a testing
theory of Hennessy-Milner for fully probabilistic systems. It gives a process algebraic view
with a deep fundamental treatment where the testing semantics is characterised both in an
operational and a denotational manner. An axiomatisation of the induced preorder is also
reported.
These articles were selected among fifteen papers, most of them of very high quality.
We had to leave out several articles with fine research behind them. Therefore, we would
like to thank not only the contributors but also those researchers whose submitted articles
we unfortunately had to exclude. Besides, in the selection process, we counted with the
help of the following people who acted as reviewers: S. Andova, C. Baier, M. Bernardo, H.
Bohnenkamp, D. Bošnacˇki, V. Braberman, F. van Breughel, E. Brinksma, G. Ciardo, Dang
Van Hung, J. Desel, S. Donatelli, M. Frias, D. Fridlender, B. Haverkort, H. Hermanns,
J. Hilston, M. Huisman, B. Jeannet, H. Jensen, B. Jonsson, J.-P. Katoen, D. Latella, N.
López, K. Middelburg, G. Norman, M. Nuñez, M. Oostdijk, P. Panangaden, D. Peled, A.
Philippou, C. Pons, F. Redig, T. Ruys, R. Segala, E. de Vink, and H. Zantema. In addition
we appreciate the cooperation of Inge Bethke along the preparation of this issue.
